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METHOD FOR EXTRUDING TIRE RUBBER MATERIAL 



BACKGROUND OF TOE INVENTION 

1 . Field of the InVjention 

5 [0001] The present invention relates to a method for extruding tire rubber 
material to be applied onto the outer peripheral surface of a rotatable support for 
successively forming a green tire thereon in a highly accurate and efficient 
manner. 

2. Description of the Related Art 

JO [0002] Pneumatic tires comprise reinforcing members such as mbberized 

cords, and various rubber members. Therefore, prior to vulcanization of tires, it 
is necessary to form a green tire by laying reinforcing materials such as 
unvulcanized rubber materials and unvulcanized rubberized cord materials. 
10003] Recently, properties required for tires tend to be highly sophisticated 

15 and more diversified, with a resultant diversification of tire-constnictional 
members and complication of tire shaping steps. Therefore, it is difficult to 
completely automate the shaping step and manual works are still required in 
many instances, making it difficult to significantly improve the tire shaping 
efficiency and .laying accuracy of various materials. Particularly, since the 

20 laying accuracy is highly influential oves the quality of tires, it is strongly 
demanded to improve the laying accuracy together with the increase of the 
shaping efficiency. . _ 

[0004] In order to satisfy such demands, JP-B-7-94155 discJos€« a 
technology wherein an outlet orifice of a positive displacement extruder is 
25 located adjac^t to a position for feeding a rubber material onto a rotatable 

support and the robber material is directly extruded on the support through the 
outlet orifice. 

[0005] ^th the technoJogy disclosed in JP-B-7-94155, it is difficult to 
maintain the cross-sectional shape of a continuously extruded rubber material 
30 during the laying, due mainly to the so-called surging, i.e., fluctuation of the 

extrusion amount inherent to the extruder when the extruded rubber material has 
particularly a thin gauge. And also, the following problem is caused because 
various rubber materials are laid on the rotating support. 
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[0006] That is to say, since the viscoelastic characteristic differs in 
accordance with the kind of the rubber material, the die swell quantity tends to 
differ accordingly. Thus, it is required to take some measure for controlling the 
cross-sectional shape of the rubber material to be laid. This is attained by 

5 replacing the die with another die, or by making the die form variable. In any 
case, such measure for coping with the different die swell quantities requires 
time-consuming process, and often lowers the laying productivity. 
10007] To solve this problem, JP-A-8-21 354 discloses a positive 
displacement pump having a rotary valve enabling to feed a highly viscous 

1 0 material such as tire rubber material at a constant flow rate without deteriorating 
the volumetric precision, and facilitating the flow of material, and proposes that 
the tire rubber materials discharged from the positive displacement pump is fed 
onto a rotatable supporter. 

[0008] However, the positive displacement pump disclosed in JP-A-8-21 354 
J 5 has a complicated structure, and is faced with limitation of the feeding amount 
depending on the types of rubber materials, thereby making it difficult to achieve 
the desired improvement in productivity. 

[0009] In order to cope with these problems, JP-A-2000-79642 discloses a 
positive displacement extruding system that includes, as seen from an upstream 

20 side of the tire rubber, a screw extruder unit, a gear pump unit and an extrusion 
head unit with an extrusion nozzle, which are connected in series with each other. 
A pair of rollers is arranged adjacent to the extrusion orifice and al$o to a 
rotatable support, so as to form a roller die by a gap between the rollers. The 
rubber material discharged from the extrusion orifice to have a gauge that 

25 exceeds the gap is passed through the roller die, so as to stabilize the crosS- 
sectional shape of the rubber material, and is then adhered onto die rotating 
supporter. 

[0010] The positive displacement extruding system disclosed in JP-A-2000- 
79642 makes it readily possible to compensate for the various die-swelling 
30 amounts that may be caused upon replacing rubber materials, to simplify the 
structure of the entire system, and to prevent limitations on feeding amounts of 
any types of rubber materials, thereby allowing to ensure a higher productivity. 
However, in order to enhance the flow property of the rubber material within the 
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system, a relatively long time is often required so as to warm-up the rubber 
inateriaJ. Moreover, when the flow property of the rubber material within the 
system is still insufficient, the extrusion nozzle may exhibit insufficient 
discharging performance for directly feeding the rubber material onto the 
5 rotatable support. It is highly desirable to eliminate these problems and 
improve the positive displacement extruding system disclosed in JP-A-2000- 
79642. 

j^TIMMARY OF THE INVENTION 
[0011] Accordingly, it is a primary object of the present invention to provide 
1 0 a technology that improves the positive displacement extruding system disclosed 
in JP-A-2000-79642, in such a manner as to achieve a sufficient flow property of 
the rubber material within the system and a satisfactory discharging peaformance 
of the extrusion nozzle. 

[0012] According to one aspect of the present invention, there is provided a 

15 method for extruding a tire rubber material by a positive displacement extruding 
system that includes, as seen from an upstream side of the tire rubber, a screw 
extruder unit, a gear pump unit and an extrusion head unit with an extrusion 
nozzle, which arc connected in series with each other, said method comprising 
the steps of: measuring the temperature of the rubber material flowing through 

20 the extruding system; and controlling the rubber material to be within a 

predetermined temperature, in accordance with the measured temperature of the 
rubber material, while the tire rubber is caused to flow through the extruding 
system, and maintaining the predetermined temperature of the rubber material 
before it is extruded from the extrusion nozzle. 

25 [00133 Advantageously, the rubber material flowing through the screw 
extruder unit and the gear pump unit is maintained at a temperature within a 
range of approximately 85-95*C, and the rubber material flowing through the 
extrusion head unit is maintained at a temperature within a range of 
approximately 95-100*"C. 

30 [0014] It is preferred that the screw extruder unit of the extruding system 
includes a cylinder and a screw that is rotatable in the cylinder, wherein the 
cylinder is controlled to have a temperature that is lower than the temperature of 
the rubber material flowing adjacent to a downstream end of the screw. 



01062 C3/1 3) 



-4- 



[0015] It is preferred that at least one of the screw extruder unit, gear purop 
unit and extrusion head unit of the extruding system is provided with a heater 
that is operated in accordance \wth the measured temperature of the rubber 
material, wherein the heater is operated before the extruding system is operated, 
5 SO as to preheat the rubber material within the extruding system. 

[001^ It is also preferred that at least one of the screw extruder unit, gear 
pump unit and extrusion head unit of the extruding system is provided with a 
pressure sensor for measuring the pressure of the rubber material flowing through 
the extruding system, wherein the screw extruder unit and/or geeir pump unit is 
10 operated at a speed that is controlled in accordance with the pressure of the 
rubber material measured by the pressure sensor. 

(0017J The extruding system may be charged wilh a rubber material at a 
temperature witliin a range of approximately 20-30*C, or with a rubber material 
at a temperature within a range of approximately 6O-80°C. 

] 5 I0D18] Accordijig to another aspect of the present invention, there is 

provided a positive displacement extruding system for extruding a tire rubber 
material, including, as seen from an upstream side of the tire rubber, a screw 
extruder unit, a gear pump unit and an extrusion head unit with an extrusion 
nozzle, which are connected in series with each other, said system comprising: at 

20 least one temperature sensor provided for at least one of said screw extruder unit, 
said gear pump unit and said extrusion head unit, for measuring the temperature 
of the rubber material flowing through the extruding system; and control means 
for controlling the rubber material to be within a predetcarmined temperature, in 
accordance with the measured temperature of the rubber material, while the tire 

25 rubber is caused to flow through the extruding system, and maintaining the 

predetermined temperature of the rubber material before it is extruded from the 
extrusion nozzle. 

[0019] Advantageously, the control means comprises at least one heater 
provided for at least one of the screw extruder unit, gear pump unit and extrusion 
30 head unit, wherein said at least one heater is operable in accordance with the 
measured temperature of the rubber material. 

[0020] It is preferred that the positive displacement extruding system 
according to the present invention further comprises at least one pressure sensor 
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provided for at least one of the screw extruder unit, gear pump unit and extrusion 
head unit, for measuring the pressure of the rubber material flowing through the 
extruding system, wherein the screw extruder unit and/or gear pump unit is 
operable at a speed that is controDed in accordance with the pressure of the 

5 rubber material measured by the pressure sensor. 

RR1HF DESCRIPTTON OF THE DRAWINGS 
[0021] The present invention will be described below in further detail, with 
reference to the preferred embodiment shown in the accompanying drawings. 
[0022] FIG. 1 is a side view of a positive displacement extruding apparatus 

1 0 for carrying out the method according to the present invention, in combination 
with a roller die that is arranged adjacent to a rotatable support. 
[0023] FIG. 2 is a sectional view of the extruder body shown in FIG. 1, taken 
along a plane including the screw axis. 

[0024] FIG. 3 is a rear view of a gear pump of the extruding apparatus shown 
1 5 in FIG. 1 , as seen from the direction of arrow A. 

[0025] FIGS. 4 and 5 are sectional views of the gear pump, taken along the 
lines IV-IV and V-V in FIG. 3, respectively. 

[002(»] FIG. $ is a side view of the extrusion head of the extruding apparatus 
shown in FIG. 1 . 

20 r>T?TAn DESCRIPTION OF THE PREFERRED E MBODIMENT 

[0027] Referring now to FIG. 1, there is shown an extruding system 1 for 
extruding an unvulcanized tire rubber material having a predetermined constant 
cross-section, with a predetermined constant volume. The extruding system 1 
includes a screw extruder unit 2; a gear pomp unit 3 coupled to the discharge end 

25 of the exbTider unit 2, and an extrusion head unit 4 coupled to the discharge side 
of the gear pump unit 3 and including an extrusion nozzle 5. The extruding 
system 1 is of a positive displacement type, mainly by virtue of the gear pump 
unit 3. The extruding system 1 to which the present invention may be suitably 
applied is generally disclosed in the applicants' co-pending U.S. Patent 

30 Application No. 09/3 27,6 1 3 , the disclosure of which is herein incorporated by 
reference. 

[0028] As shown in FIG. 2, the screw extruder unit 2 includes a screw 10 that 
is rotatably supported in a cylinder 11. For measuring the temperature of the 
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rubber material flowing through the interior of the cylinder 11, a tempearature 
sensor 12 is provided at the downstream portion of the screw 10, which may be 
comprised of a thermistor. A heater 13 is arranged to surround the cylinder 11, 
for heating the rubber material flowing through the interior of the extruder unit 2. 
5 The heater 13 is preferably comprised of an electric hot wire. 

[0029] As shown in FIGS. 3 to 5, the gear pump unit 3 includes a driving 
gear 14 and a driven gear 15, vvhich are in noesh with each other and rotatable in 
opposite dircctions. For measuring the temperature of the rubber material 
flowing through the interior of the gear pump unit 3, a temperature sensor ] 6 is 

10 provided adjacent to at least one of the gears 14, 15, i.e., adjacent to the driving 
gear 14 in the illustrated embodiment. Incidentally, it is assumed that the gear 
pump unit 3 includes a casing that is divided into five pieces comprising an 
integral main casing portion 17 arranged for circumscribing the gears 14, 15 from 
the outer peripheral sides thereof, four side casing portions J 8, 1 9, 20, 21 on the 

15 opposite sides of the gears 14, 15, respectively, as well as bearing parts 22, 23 for 
rotatably supporting the shafts 14s, 15s of the respective gears 14, 15. The 
temperature sensor 16 may be comprised of a thermistor that is arranged along a 
line connecting the center axes of the shafts 14s, 15s, passing through the 
width wise center positions of the gears 14j 15 and through the center of the 

20 meshed region of the gears 14, 15. 

[0030J The gear pump unit 3 is provided with a heater for heating the robber 
material flowing therethrough'. It is preferred that the heater is comprised of a 
pair of flow passages 24, 25 suironnding the main casing portion 17 adjacent to 
■ the gears 14, 1 5, respectively, so that hot water or the like heat medium is 

25 allowed to circulate through the flow passages 24, 25 between supply ports 26, 
27 and drain ports 28, 29 in the bearing part 23. The flow passages 24, 25 are 
comprised of longitudinal channels, as well as grooves connecting the terminal 
ends of the longitudinal channels with each other. As shown in FIG, 5, the 
longitudinal channels of the flow passages 24, 25 extend in the axial direction of 

30 the shafts 14s, 15s through the bearing part 23 and the side casing portions 18, 19, 
20, 21 . The grooves connecting the longitudinal channels are formed between 
opposite surfaces of the casing portions 1 8, 20 and bearing parts 22, 23. The 
flow passages 24, 25 are thereby folded back and forth in a crank-like manner. 
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between the supply ports 26, 27 and the drain pom 28, 29. 
[0031] As shown in HG. 6, the extrusion head unit 4 is provided with a 
temperature sensor 31 for lueasuring the temperature of the rubber material 
flowing through the interior of the extrusion head 4. The temperature sensor 31 
5 may be comprised of a thermistor that is arranged adjacent to a flow passage 30 
within the extrusion head unit 4. Further, a heater 32 is provided around the tip 
portion of the extrusion head unit 4 near the nozzle 5, and is preferably 
comprised of an electric hot wire. 

[0032] In operation of the above-mentioned positive displacement extruding 

10 system 1 , a predetermined kind of rubber material is charged from a feeding port 
20 into the extruder unit 2, so as to apply a shearing force to the rubber material 
by the rotating screw 10 and thereby plasticize the rubber material while 
continuously extrading it toward the gear pomp unit 3. At the same time, the 
temperature of the rubber material flowing through the extruder unit 2 is 

15 continuously measured by the temperature sensor 12. The rubber material 
charged into the extruding system 1 may be either a room-teniperatare rubber 
material typically at a temperature within a range of 20 to 30*C; or a hot rubber 
material typically at a temperature within a range of 60 to SCC. 
[0033] The rubber material extruded toward the gear pump unit 3 in tiie 

20 plasticized state is directed from an inlet port 3i of the gear pump unit 3, through 
the meshed region of the driving gear 14 and the driven gear 15, toward an outlet 
port 3o of the gear pump unit 3, so as to be continuously discharged to the 
extrusion head unit 4 at a predetemained constant volume. At the same time, the 
ambient temperature of the driving gear 14 is continuously measured by the 

25 temperature sensor 16, and the output signal of the temperature sensor 16 is used 
as a parameter representing the actual temperature of the rubber material flowing 
through the gear pump unit 3. 

[0034] The rubber material fed from the gear pump unit 3 into the extrusion 
head unit 4 is passed through the flow passage 30 and then extruded from the 
30 nozzle 5. At the same time, the temperature of the rubber material inomediately 
before the nozzle 5 is continuously measured by the temperature sensor 31 . 
[0035] The temj^ratures of the rubber material measured by the three 
temperature sensors 12, 16, 31 are inputted as electrical signals into a control unit 
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(not shown), and are thereby compared with those temperatures previously stored 
in the control unit which have been predetermined for the associated positions, 
respectively. When any one of the temperatures measured by the temperature 
sensors 12, 16, 31 is lower than the predetermined temperatuie, the lemp^ature 

5 of the relevant position of the extruding system 1 is raised to the predetermined 
temperatxire by operating the associated heater. In this way, based on the result 
of the temperatures measured by the temperature sensors 12, 16, 31, the 
temperatures of the rubber material flowing through the extruder unit 2, gear 
pump unit 3 and extrusion head unit 4 ane controlled to be within predetermined 

10 temperature ranges, and the rubber material maintained at the controlled 

temperature is extruded from the nozzle 5 at the end of the extrusion head 4. 
The extruded rubber material is fed to a roller die Dr which, as shown in FIG. 6, 
is formed by a pair of rollers 33, 34 positioned adjacent to the noisJe 5 and 
rotating in the opposite directions as indicated by respective arrows. 

15 Since, as explained above, the positive displacement extruding system 

1 controls and maintains the predetermined temperatures of the rubber material 
flowing through the screw extruder unit 2, gear pump unit 3 and extrusion head 
unit 4, it is possible to enhance the flow property of the rubber material and 
eliminate excessive wanning time for the rubber material in advance. As a 

20 result, it is possible to markedly improve the constant volume discharging 

performance of the extrusion head unit 4 for directly feeding the rubber material 
to the roller die Dr, and to thereby improve the positive displacement 
performance of the extruding system and productivity of green tires. Moreover^ 
when the beaters 13, 24, 32 are operated before operating the extruding system 1, 

25 it is possible to preheat the screw extruder unit 2, gear pump unit 3 and extrusion 
head unit 4 with the nozzle 5 to the predetermined temperatures, thereby 
allowing rapid starting of the operation and replacement of the rubber material. 
10037] It is preferred that the temperature of the rubber material at a position 
near the screw 10 of the screw extruder unit 2, the temperature of the cylinder 11, 

30 and the temperature of the robber material flowing through the gear pump unit 3, 
are maintained within a range of 55 to 95*C, and the temperature of the rubber 
material flowing within the head 4 is maintained within a range of 95 to lOCC, 
so as to improve the positive displacement performance. It is also preferred that 



01062 C8/13) 



-9- 



the temperature of the cylinder 11 of the screw extnider nnit 2 is maintained to be 
lower than the temperature of the rubber material flowing near the screw 1 0, so 
as to avoid biting of the rubber roaterial and to improve the flow property of the 
rubber materia]. 

5 [0038] Advantageously, the flow pressure of the rubber material is also 
controlled along with the temperature control thereof, so as to obtain an 
optimized extruding efficiency. To this end, there may be provided a pressure 
sensor 35 at a position near the screw 10 of the extruder unit 2 as shown in FIG. 
3, and a pressure sensor 36 in the flow passage 30 of the extrusion head unit 4 

1 0 near the gear pump unit 3 as shown in HG. 6. In this instance, tlie pressure of 
the rubber material extruded by the screw 10 is measured by the pressure sensor 
35, and the pressure of the rubber material fed by the gears 14, 15 is measured by 
the pressure sensor 36. 

[0039] The output signals of these pressure sensors 35, 36 are inputted into 
] 5 the above-mentioned control unit, and compared with the optimum pressure 

information previously stored in the control unit, such that the rotational speeds 
of the screw 10 of the screw extruder unit 2 and of the driving gear 14 of the gear 
pump unit 3 are controlled to the optimum rotational speeds, respectively, 
wherein the measured pressures coincide with the optimum pressures, 
20 respectively. It is preferred in this respect to adopt servomotors 37, 38 (FIG. 1) 
for driving the screw 10 of the screw extruder unit 2 and the driving gear 14 of 
the gear pump unit 3. 

[0040] "Wth reference to FIG. 1 , in order to form the predetermined three- 
dimensional shape of a green tire, tiie extruding system 1 according to the present 

25 invention is combined with a rotatable support 40 rotating in the direction of 

arrow, for continuously extruding a rubber material in the form of a rubber strip 
having a constant volume and constant a cross-sectional shape from the nozzle 5- 
The rubber material extruded from the nozzle 5 may be diiectly appUed onto the 
outer peripheral surface of the rotatable support 40. However, in order to 

30 further stabilize the cross-sectional shape of the rubber roaterial extruded from 
the nozzle 5, it is preferred that the rubber material is passed through the roller 
die Dr, immediately before it is applied onto the rotatable support 40. 
[0041] Incidentally, it is assumed that the extruding system 1 is linearly 
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movable in a horizontal plane, with reference to a working floor FL, in a first 
diiection that is parallel to the center axis X of the roiataWe support 40, and also 
in a second direction Y that is perpendicular to the direction X. The extruding 
system 1 is further movable along a toroidally curved surface of the rotatable 
5 support 40. As a result, it is possible to apply various rubber materials onto the 
outer peripheral surface of the rotatable support 40, with significantly improved 
operation efficiency. 

[0042] It will be appreciated from the foregoing description that, according 
to the present invention, while the tire rubber is caused to flow through the 

J 0 extruding system, the temperature of the rubber material is measured and 

controlled to be within a predetermined tcmperatiire range, in accordance with 
the measured temperature of the rubber material. The rubber material 
maintained at a controlled temperature is extruded from the extrusion nozzle, 
thereby improving the positive displacement performance of the extruding 

15 system. It is therefore possible to eliminate or reduce warming time for the 
rubber materia) and significantly improve the discharging performance of the 
head with nozzle, thereby providing an extruding technology for a tire rubber 
material, capable of rapidly starting the operation, rapidly replacing the robber 
material, and remarkably improving the productivity. 

20 [0043] While the present invention has been described above with reference 
to a preferred embodiment shown in the drawings, it is needless to say that 
various changes and/or modifications may be made without departing from the 
scope of the invention as defined by the appended claims. 
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